Background: The ability to control skin blood flow decreases with advancing age and some clinical disorders, as in diabetes and in rheumatologic diseases. Feasible clinical strategies such as whole-body vibration exercise (WBVE) are being used without a clear understanding of its effects. The aim of the present study is to review the effects of the WBVE on blood flow kinetics and its feasibility in different populations.
Introduction
The ability to control skin blood flow decreases with advancing age (Tew et al., 2012) . This fact could be due to loss of vascular tone as a consequence of the strong presence of increased production of oxygen free radicals, besides poor sympathetic vasoconstriction reflex (Camici et al., 2011; Camici et al., 2015; Holowatz et al., 2010) . As a consequence, older adults would be less able to adequately thermoregulate and repair cutaneous wounds (Tew et al., 2012) . In several clinical disorders, as in diabetes and in rheumatologic diseases, endothelial dysfunction occurs with an impairment of the microcirculation (Rajendram et al., 2013; Coelho et al., 2011; Widmer and Lerman 2014; Murray et al., 2004) and inhibition of blood flow restoration (Hadi et al., 2005) , which may be also related to arterial stiffness (Zanoli et al., 2015) . Moreover, Simmonds et al. (20130, have reported that impaired blood fluidity in humans of advanced age, includes enhanced plasma and whole blood viscosity, impaired red blood cell (RBC) deformability and enhanced RBC aggregation.
Physical activity, diet and smoking might interact with the pathways of the aging process, and to contribute to modulation of the expected changes in the cutaneous microcirculation associated with the (Tew et al., 2012) . Physical activity, considered as a cornerstone in the primary and secondary disease prevention across different conditions, is a lifestyle factor related to the cutaneous microcirculation (Tew et al., 2012) which can improve circulation of blood with amelioration of the contraction in skeletal muscles, aiding supply of oxygen and ameliorating oxidative metabolism. The mechanisms underlying the increased blood flow during physical activity include (i) better adaptation of the vascular endothelial function by the likely effect of nitric oxide, (ii) excitation and signaling ATP, (iii) improve of the sympathetic reflexes (Holowatz et al., 2010; Nyberg and Hellsten 2016) and decrease of arterial stiffness (Endes et al., 2016) . In order to reach these effects numerous activities (i.e. exercises that increase heart rate) have been suggested; however, some people, especially older adults or some clinical populations, are not able to easily perform these physical activities. Therefore, alternative procedures are required, and whole body vibration exercise (WBVE) has been used as a form of safe and accessible exercise for most people, and important revisions have been published (ColladoMateo et al., 2015; Li et al., 2015; Rittweger 2010; Sá-Caputo et al., 2015) . This kind of exercise is produced when mechanical vibrations generated in oscillating/vibratory platforms (OVP) are transmitted to a subject that is in contact with the base of the OVP (Rittweger 2010) .
Three types of OVP can be identified (a) synchronous, the vibration is transferred to both feet synchronously, (b) alternated, in a side-alternating way, the right foot is the lowest while the left foot is the highest, and vice versa, (c) triplanar, with up and down, forward and back, and side-to-side movement of base of the platform (Rittweger 2010; Signorile 2011 ). The mechanical vibration produced in an OVP is a physical agent with an oscillatory motion about an equilibrium point (Rauch et al., 2010) and can be determined by biomechanical parameters: a) frequency, b) amplitude, c) the peak-to-peak displacement and d) the peak acceleration. The frequency is the number of cycles by the time, for example, by second, or Hertz (Hz). The peak-to-peak displacement is the measurement of the extension of the vibration between the lowest and the highest point in a cycle, in mm. The amplitude is the half of the peak-to-peak displacement, in mm. The peak acceleration of the mechanical vibration, which it is a combination of both frequency and amplitude, is expressed in multiples of Earth's gravity (Rittweger 2010; Rauch et al., 2010; Cochrane 2011) . Besides the biomechanical parameters, some other parameters must be also considered in the protocols related to the WBVE, such as the type of the platform, duration (work time), time of rest between bouts, periodicity of the sessions or even the position adopted by the subject in the base of the OVP (Rauch et al., 2010 (Figueroa et al., 2012) . However, the characteristics of the protocols that can better enhance this outcome are largely unknown. Therefore, and considering that older adults or those with clinical disorders are not usually able to perform traditional exercises, WBVE, that have shown improvements in cardiovascular or thermoregulatory responses, could be suggested as an effective strategy to modulate blood flow with a low risk. But, it is important to verify its effects in these populations; and the aim of the current study is to review the effects of WBVE on blood flow kinetics and its feasibility in different populations.
Material and Methods

Search Strategy
Three reviewers independently accessed bibliographical databases (PubMed and/or PEDRo) through the Universidade do Estado do Rio de Janeiro on December 9 th 2016 and all the publications were initially considered up to this date. The first search was performed in the PubMed database to verify the total number of publications (NP). The used keywords were (i) "whole body vibration" and "skin blood flow", (ii) whole . Secondly, the keywords (i)"whole body vibration" and "skin blood flow" and (ii) "whole body vibration" and "blood flow" were searched in the database PEDRo to verify the number of publications. Personal files of the authors were also used in the searches.
Eligibility Criteria
For this review, the inclusion criteria were as follows: (a) randomized controlled trials (RCTs), (b) exercise interventions based on WBVE (c) assessment of skin blood flow, (d) clearly detailed parameters of exercise containing a description of at least frequency of the vibration and (e) to be written in English. Studies were excluded if they were based on segmental body vibration and they did not meet the minimum requirements regarding the description of training variables. In a second round, and in the absence of RCT's, single group experimental studies were also considered (cross-over designs).
As the three reviewers carried out the searches for publications independently with the established keywords, data were independently abstracted and disagreements were discussed until a consensus was reached. Full papers were included for this narrative review if they met the search criteria and described a study using WBVE generated by an OVP used to verify the blood flow independently on the year of the publication.
Level of evidence of the selected papers
The levels of evidence (LE) included in the study were classified according to the National Health and Medical Research Councils (NHMRC, 2013) hierarchy of evidence (Table 1) . Each article was assigned to a reviewer, cross-checked by a second reviewer and in case of disagreement, a third party was consulted until consensus was reached. Table 1 -Designation* of levels of evidence according to the intervention research question (National Health and Medical Research Councils (NHMRC), Q5 2013).
*-adapted from NHMRC, 2013
Results
Considering the selected keywords, the literature searched in the PubMed and in PEDRo databases, twentythree potentially relevant studies were identified. One additional study (Menéndez et al., 2016) was in the personal file of an author of this revision ( Figure 1 ). A screening of the titles excluded fourteen articles and then the remaining 10 studies were analyzed concerning the eligibility criteria, and two of these were removed: a meta-analysis (Games et al., 2015) and a study based on segmental body vibration (Maloney-Hinds et al., 2008). Finally, eight publications with a total of 142 participants (59% male) with age ranging from 18 up to 79 years old were analyzed. Table 2 shows the included studies with the outcomes assessed and the main findings, and the level of evidence. The level of evidence of the studies included in this review was III-1 according to the NHMRC in six studies (Lythgo et To determine the effects of short-duration, high-intensity, isometric weight bearing exercise (vibration exercise [VE] ) and vibration only on SBF.
SBF was measured using a laser Doppler imager at three time intervals: 1) initial base line, 2) immediately following intervention, and 3) 10-minutes following intervention.
MBV significantly increased at both post-intervention time intervals with 30 Hz. II BF -Blood flow, BFV -Blood flow velocity, DM -diabetes mellitus, DV -diastolic velocity, EMG -Electromyography activity, ES -electromyostimulation, FA -Friedreich's ataxia, MBV -mean blood velocity, NO -nitric oxide, PBV -Peak blood velocity, RI -resistance index, SBF-skin blood flow, SCI -spinal cord injury, ST -skin temperature, T2DM -type 2 diabetes mellitus, VL -vastus lateralis, VM -vastus medialis, Vmed -mean velocity, WBV-whole body vibration. The type of the oscillating/vibratory platform, the protocol description (frequency, amplitude or peak to peak displacement, number of sessions/sets and the time of exercise/rest) and the position of the subject on the base of the platform are shown in Table 3 . Two types of OVP were used in the studies, alternating and synchronous (Lohman et 
Discussion
The normal circulation of the blood is crucial for health and body homeostasis. Some lifestyle factors (physical activity, diet, and smoking) might contribute to modulate positively or negatively the expected changes in the cutaneous microcirculation associated with the age. In addition, in various clinical disorders, as in diabetes and in rheumatologic diseases, endothelial commitment occurs with undesirable effect of the microcirculation (Tew et al., 2012; Murray et al., 2004 ) and inhibition of blood flow restoration (Hadi et al., 2005) . In consequence, it is desirable to assess suitable and safe strategies that would improve or to restore the blood flow. In the current study, the effects of WBVE on blood flow were reviewed.
As reported, different activities such as regular aerobic exercise and endurance training improve the arterial function decreasing the arterial stiffness (Seals et al., 2008; Liu et al., 2015) . However, when the effects of vibration are considered, several mechanisms may underline the increase of blood flow observed after WBV exposure (Games et al., 2015) . In a meta-analysis Games et al., 2013 suggested that metabolic, humoral, and neuronal factors would potentially play relevant roles to justify the physiological basis of the increase of the blood flow due to the WBVE. This is of importance as WBVE is known to increase the contraction in skeletal muscles and this is one of the main mechanisms to improve the blood circulation (Tew et al., 2012) .
As a type of physical activity, WBVE would enhance the supply of oxygen and ameliorate the oxidative metabolism (Kang et al., 2016) . In addition, vibration might reduce the viscosity of blood and thereby increase the mean speed of blood flow in the popliteal artery (Kerschan-Schindl et al., 2001) which may be of importance in many populations. The results of the review indicated that in six of the seven studies analyzed, the WBVE has improved the blood flow both in healthy people and in some clinical populations (Sañudo et al., 2013; Herrero et al., 2011a; Herrero et al., 2011b; Johnson et al., 2014) , although differences between studies deserve to be analyzed.
Effects on healthy people
In healthy young people, only acute effects have been assessed. WBVE, in comparison with the standing condition, showed improvements in mean blood cell velocity (Lythgo et al., 2009; Lohman et al., 2007) and peak blood cell velocity (Sañudo et al., 2013) . These effects were not observed in older adults with 50 Hz WBV (Lohman et al., 2012) . Although the mechanisms by which WBVE can increase the blood flow are unclear, it would be plausible to consider two possibilities (i) the heightened muscle activity and muscle metabolic demand would result from the activation of muscle spindle reflexes (Cardinale 2005 ) and/or (ii) the reduction in the blood viscosity (Kerschan-Schindl et al., 2001) . Another possible explanation to these results may be related to a possible decrease of the resistance in the blood vessels as it was previously reported (Sañudo et al., 2013; Lythgo et al., 2009) , although this hypothesis must be tested in future studies. Despite this, it seems that these findings are not related to the type of the platform, due to Lythgo et al. (2009) have used an alternating platform while Lohman et al. (2007) and Lohman et al. (2012) have used the synchronous type. However, chronic effects on blood flow after WBVE are still unknown.
Effects on clinical populations
In patients with diabetes, increments in the blood flow speed and maximum diastolic velocity after WBV were observed (Sañudo et al., 2013; Johnson et al., 2014) . Johnson et al. (2014) with a single session, also observed a significant increase in the skin blood flow. These findings are of clinical importance due to endothelial dysfunction with capillary alterations and impairment of the blood flow in this population group (Rajendran et al., 2013; Coelho et al., 2011; Widmer and Lerman 2014; Murray et al., 2004) . After 12-week WBV training changes on leg blood flow were accompanied by positive changes in body composition (Sañudo et al., 2013) . However, both studies used an alternating platform, thus the effects of synchronous must be contrasted.
In patients with several neuromuscular disorders, including Friedreich's ataxia (Bourke and Keane, 2011) and those with spinal cord injury (Kam et al., 2009) , cardiomyopathies can occur. WBVE have also been considered a feasible strategy to increase blood flow in patients with Friedreich's ataxia and those with spinal cord injury (Menéndez et al., 2016; . Changes in Peak and mean blood flow velocity were observed after 1, 2 and 3 min of WBVE. However, these improvements seem to be dependent on the frequency used. In addition, the electromyography activity of some muscles increased due to the WBV. This would be in line with Cardinale and Wakeling (2005) that have suggested that the heightened muscle activity and muscle metabolic demand would result from the activation of muscle spindle reflexes. Therefore, these biological responses would contribute to improve the blood flow in the patients with Friedreich's ataxia and with spinal cord injury. By contrast, as reviewed by Games et al. (2013) , lower frequencies (5-25 Hz) produce a better effect on peripheral blood flow than those produced with higher frequencies .
Despite these encouraging results, the effects should be taken with caution due to the variability of the frequencies (5 up to 50 Hz) and the amplitudes (2 up to 6 mm) used in the protocols, but also the types of the platform used (alternating or synchronous). Another important aspect that should make us call into question the obtained results is the methodological quality of the studies. The level of evidence of six of the eight studies that fulfilled the inclusion criteria in this current narrative revision was II, one was III-2 and one was III-3 according to the NHMRC. This is indicative of moderate methodological study quality and therefore, this finding demonstrates the importance of further research with a higher methodological quality (RCTs).
Another aspect that should not be overlooked is the use of various devices in the analysis of the outcome variables. It is crucial to use devices that enable a reliable and valid assessment of the blood flow. In this review, studies used laser Doppler image scans (used in four of the seven articles) and the ultrasound device (used in three of the seven studies). Briefly, the image is obtained due to the fact that the observed wavelength of electromagnetic radiation is influenced by the relative motion between the source and observer, as in the case of the red blood cells in the circulation. This phenomenon is also verified with the sound/ultrasound waves in the Doppler ultrasound. These considerations indicate the relevance of the images obtained with devices with convenient laser or ultrasound after the use of procedures that might alter the blood flow, as the WBVE. In this case, the velocity of the red blood cells would be increased.
Considering the sports and the findings described in this current systematic review, it is possible to suggest that WBV exercise would be an important option of aerobic exercise to improve the performance of athletes of any sport modality due to the possibility to improve the blood flow.
The current study has several limitations that must be considered in the interpretation of the findings. Caution should be taken when generalizing the results due to the methodological variations concerning to biomechanical parameters, type of the oscillating/vibratory platform, or the variability of the protocols used. In addition, although we tried to retrieve the articles involving WBVE and blood flow with the selected keywords, it is not sure that all studies on this topic have been identified, including articles that were not published in English and articles published in journals that were not indexed in the PubMed and PEDRo databases. In addition, six of the eight of the publications had high methodological quality (RCTs) and this must also be considered due to the evidence of the findings could be affected. Therefore, studies with a higher methodological quality and focusing specifically on certain types of population would be desirable.
Despite the limitations and although the idea that WBVE is a potential strategy for the improvement of the blood flow is a bit far-fetched, and it was not well corroborated yet; it can be concluded that the use of WBVE has proven to be a safe and useful strategy to improve the blood flow. These findings may have clinical relevance and should also be considered by professionals as a therapeutic strategy. Nevertheless, methodological flaws and differences among protocols indicate the need of more research in this area.
